OECD SIDS report summarized that one of the alkyl dimethylamine salt (DMA), named N,N-dimethyldodecylamine, is also toxic to the aquatic organisms, whose toxicity to algae, daphnia and fish is below 1 mg/L 9) . Most of the previous studies concluded that mono alkyl cationic surfactant tends to have adverse effect to the aquatic organisms and not-readily biodegradability when its alkyl chain length increases. It is important to develop mono alkyl cationic surfactants with no adverse effect to aquatic organisms. Nevertheless, the study about developing the eco-friendly mono alkyl cationic surfactant has not shown much progress during the last decade. In order to develop the modified mono alkyl cationic surfactant compatible with the environment, we investigated the relationship between the chemical structures of the cationic surfactants and their environmental properties (biodegradation and aquatic toxicity). At first, we conducted the study to find the relationship between alkyl chain length and the environmental properties by comparing biodegradability and toxicity of TAC and DMA. Second, we tried to find the effect of intermediate functional group on the biodegradability and toxicity of the surfactants. On the basis of the above evaluations, we developed mono alkyl cationic surfactant, named APA-22, N- [3-(dimethylamino) propyl] docosanamide salt (AMIDET ® APA-22, Kao Chemicals Europe, S.L.) whose surfactant property is excellent 10) . This substance consists of C22 alkyl chain, amidopropyl functional group and di-methyl tertiary amine group. We investigated the environmental compatibility of APA-22 by evaluating its biodegradation, aquatic toxicity and biodegradation pathway.
EXPERIMENTAL
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Mono alkyl cationic surfactants used in this study are alkyl trimethylammonium chlorides (TAC, alkyl chain length: C12, C14, C16, C18, C22, C24), alkyl dimethylamine lactic acids (DMA, alkyl chain length: C12, C14, C16, C18, C20, C22) and (alkylamidopropyl)dimethylamine lactic acid (APA, alkyl chain length: C18 and C22). Only APA-22 has the distribution of alkyl chain length from C18 to C24. The other surfactants reported in this study have no chain length distribution. The chemical names, structures, abbreviations and purity are shown in . These surfactants are synthesized by the Material Science Research Laboratories, Kao Corporation, Wakayama, Japan.
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The test condition details of biodegradation and aquatic toxicity are shown in . The biodegradation of TAC-18, TAC-20, TAC-22, TAC-24, DMA-22 and APA-18 is evaluated based on OECD Test Guideline (OECD TG) shows the average value (n=2). Aquatic toxicity to algae, daphnia and fish of TACs (C12, C14, C16, C18, C22), DMAs (C12, C14, C16, C18, C22) and APAs is evaluated by OECD TG 201 12) , 202 13) and 203 14) , respectively. The eco-toxicity was calculated based on the nominal concentration except for APA-22.
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In order to estimate the biodegradation pathway of APA-22, biodegradation test using the river water is also evaluated. The river water was collected from Tagawa-river in urban area of Utsunomiya, Tochigi prefecture, Japan. The intermediates originated from APA-22 in the river water were analyzed by proton Nuclear Magnetic Resonance ( 1 H-NMR) to identify their chemical structures, and DOC was also analyzed at several sampling points to monitor the reduction of organic matter. Test concentration of APA-22 set up to 30 mg/L in order to cover the limit of quantity (LOQ) of DOC, though this concentration is relatively high compared to the major surfactants monitored in urban rivers in Japan 15) . River water of 400 ml sampled at 5-day and 19-day is freeze dried up and dissolved in CD 3 OD solution of 3 mL.
1 H-NMR of river water is measured by using of Mercury-400 (Varian Corporation) in the method of nondecouple mode at the room temperature.
The weight percentage of alkyl chain length of APA-22 is followings; C18/C20/C22/C24 = 2.6%/6.8%/87.0%/1.7%.
The other materials have no distribution of alkyl chain. Table 1 Chemical Names, Abbreviations, Purity and Structures of TAC, DMA and APA. 
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shows the biodegradability of TACs (C18, C20, C22 and C24), DMAs (C12, C14, C16, C18 and C22) and APAs (C18 and C22). BOD of TACs ranges from 0 % (C22 and C24) to 40 % (C18). Degradability of DMAs calculated from evolved CO2 and BOD ranges from 32 % to 100 % ( ). The degradability of TAC and DMA with short alkyl chain tends to be better than that of long alkyl chain. The degradation of APA-18 and APA-22 are 93 % and 100 %, respectively. DMA-12, DMA-16 and APA-22 also passed the criteria of 10 day-windows as readily biodegradable. Anaerobic biodegradability of APA-22 evaluated by standard procedure is also 100%. DMA-12, DMA-16 and APA-22 also satisfied the 10 day-window criteria as readily biodegradable. 
DISCUSSION
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The biodegradation of TACs is below 50% despite of evaluating at low test concentration (15 mg/L). Especially, BOD of TAC-22 and TAC-24 is 0 %, which shows that TAC with long alkyl chain is not easily biodegradable. This trend is similar to the previous study. Masuda et al. reported that the biodegradability of octyl and decyl trimethyl ammonium chloride (TAC-08 and TAC-10) is over 60%, while TAC with long alkyl chain length decreases degradability 5) . No degradation of TAC-22 and TAC-24 suggests the occurrence of inhibition to microorganisms. On the other hand, the degradability of DMA-12 and DMA-16 is over 70% and passed the 10 day-window criteria, indicating that DMAs with short alkyl chain are readily biodegradable. Besides, OECD SIDS report summarized N,N-dimethyldodecylamine is readily biodegradable 9) , which is consistant with our data showing short alkyl chain is more degradable. DMA-18 and DMA-22 show degradability below 50%. As discussed in biodegradation of TACs, DMA with long alkyl chain may also inhibit the oxygen consumption by microorganisms. However, DMAs with long alkyl chain have a potential of biodegradation as indicated by their degradability ranging from 32 % to 49 %. Based on the relationship between alkyl chain length and biodegradability of TACs and DMAs, we can conclude that (i) DMA is relatively more biodegradable than TAC, and (ii) short alkyl chains are more favorable for biodegradation than long alkyl chains. On the other hand, differently from the trends of TACs and DMAs, the biodegradability of APA-18 is over 90 %, and that of APA-22 is also 100 % and passed the 10 day-window criteria. Furthermore, anaerobic biodegradability of APA-22 is also 100 %, which indicates that APA-22 is completely degraded into the minerals by microorganisms in the anaerobic conditions. They have a long alkyl chain. Nevertheless, biodegradability is excellent. This indicates that the amidopropyl functional group contributes to the enhanced biodegradability.
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The toxicity profile of TACs and DMAs to algae, daphnia and fish is shown in as a function of alkyl chain length of the surfactants. The acute toxicity of TAC and DMA to algae shows a parabolic trend. The most severe toxicity of TAC and DMA to algae is observed at C14 and C16 alkyl chain, respectively. The acute toxicity (LC50) of TACs and DMAs to fish also shows a parabolic trend. The lowest toxic value of TAC and DMA is observed at C18 and C16 alkyl chain, which indicates that toxic effect is severe around C16 and C18 alkyl chain. These parabolic trends suggest that the toxicity of mono cationic surfactant is not simply related to the length of alkyl chain, but there is a maximum point of toxicity. Dyer et al. have developed the quantitative structure-activity relationships (QSAR) of anionic surfactant, alcohol ethoxysulphates (AES), based on the chronic toxicity to daphnia. This QSAR calculates the No Effect Observed Concentration (NOEC) of daphnia by the alkyl chain length and number of mole of ethoxylate of AES 16) . A parabolic trend is also observed in this QSAR, which shows that the most toxic effect of AES to daphnia occurs at C14 and C15 alkyl chain. This supports that alkyl chain length is also a key factor determining the toxicity of mono alkyl cationic surfactants. We have to avoid using the C14, C16 and C18 alkyl chains for developing the mono alkyl cationic surfactant compatible with environment. Based on the relationship between alkyl chain length and aquatic toxicity of TACs and DMAs, we found that aquatic toxicity of TAC and DMA with C22 alkyl chain is relatively less toxic than other alkyl chains. These trends indicate that C22 alkyl chain is compatible with the aquatic toxicity. Though there is not many data, the acute toxicity of DMA-22 to daphnia tends to be less toxic than TAC-22, which indicates that toxicological compatibility of DMA is better than TAC. The toxicity of APA-18 to algae and fish shows the same order of toxic values of DMA-18. It suggests that the combination of C18 alkyl chain and amidopropyl functional group is not an effective structure for reducing the toxicity. On the other hand, APA-22 is less toxic than APA-18 by two orders of magnitude and all toxicity values of APA-22 to algae, daphnia and fish are over 1 mg/L. As discussed in biodegradation trend, we found that the combination of long alkyl chain and amidopropyl functional group is also very important structure to reduce the aquatic toxicity. acid and N,N-dimethyl-1,3 -propanediamine (DMAPA) are clearly detected, while lactic acid is disappeared completely. This suggests that hydrolysis occurred between fatty acid and DMAPA in the primary biodegradation process. This kind of cleavage has been also reported in biodegradation pathway of di-long-chain tertiary amine salt 3) . In 19-day sample, APA-22 and fatty acid have completely disappeared, and only DMAPA is observed. Residual organic matters (DOC) originated from APA-22 decrease gradually and disappear at 28-day, which indicates that APA-22 and its intermediates are completely removed from tested river water during the test periods ( ). We have estimated the possible route of biodegradation pathway of APA-22 as shown in . In the primary stage, APA-22 is separated into two intermediates by hydrolysis. One is fatty acid and the other is DMAPA. After hydrolysis, fatty acid is mineralized to CO 2 beta-oxidation process. DMAPA is also mineralized to CO 2 , H 2 O, NH 3 , and NO 2 (or NO 3 ). Investigating the biodegradation test of APA-22 using river water, we observed the disappearance of APA-22 and its intermediates during the test period.
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The toxicity of APA-22 to of algae, daphnia and fish is over 1 mg/L ( ), which is relatively less toxic to aquatic organisms than other mono alkyl cationic surfactants. The aquatic toxicity of some intermediates originated from a degradation of APA-22 is reported. Toxicity of C22 fatty acid to algae, daphnia and fish is over 5.0 mg/L and is less toxic than APA-22 17) . Toxicity of DMAPA to algae, daphnia and fish is also less toxic than APA-22 and all toxic values are over 50 mg/L 18) . Besides, C22 fatty acid and DMAPA are also reported to be readily biodegradable 18, 19) . According to the above hazardous data of intermediates, it is suggested that there will be a little adverse effect for environmental risk.
536
J. Oleo Sci. 57, (10) 529-538 (2008) On the basis of the relationship between environmental properties (biodegradation and aquatic toxicity) and structural characteristics (alkyl chain length and intermediate functional group) of TACs, DMAs and APAs, we have developed the advanced mono alkyl cationic surfactant, APA-22. APA-22 is easily biodegradable in both of aerobic and anaerobic conditions. In addition, the toxicity to algae, daphnia and fish is over 1 mg/L, indicating that APA-22 is less toxic to aquatic organisms than other mono alkyl cationic surfactants. The combination of C22 alkyl chain and amidopropyl functional group is very important for the enhanced biodegradation and reducing the aquatic toxicity. Besides, intermediates produced in the degradation by microorganisms are also readily biodegradable and less toxic than APA-22.
